Introduction
The pandemic influenza A (H1N1) virus after its emergence in the United States and Mexico in March 2009 spread around the world within several months. The World Health Organization (WHO) raised the influenza pandemic alert level to phase 6 on 11 th June 2009 (Fereidouni et al. 2009 ). The novel A (H1N1) 2009, A/California/07/2009 (H1N1) -like virus, shows a strong ability to broadcast from human to human and spread worldwide (CDC 2009; WHO 2011a) . The WHO announced the global pandemic alert level to phase 6 on 11
th June 2009 (Qu et al. 2011) . The pandemic influenza A (H1N1) virus is a combination of genes from swine, avian and human influenza viruses (Fraser et al. 2009; Garten et al. 2009 ). It has a high mean evolutionary rate for individual genes and the whole genome, varying from 2.34 × 10 −3 to 3.67 × 10 −3 substitutions per site per year ). From March 2009 to April 2010 the swine-origin influenza virus has resulted in about 18,000 deaths around the world (WHO 2010b) .
The WHO announced the 2009 pandemic influenza A (H1N1) viruses have gone into the post-pandemic period on 10 th August 2010 (WHO 2010c) . Even so, people still have some concerns the virus may mutate in the future. The mutation can result in more easily transmittable or more pathogenic viruses. Phylogenetic analyses based on the early surveillance data have shown the viruses in two major clusters have spread globally and circulated over time and space since April 2009 (Fereidouni et al. 2009 ). Nelson et al. (2009) analysed 290 H1N1pdm isolates sampled globally between 1 st April and 9
th July 2009. The analysis revealed that at least 7 phylogenetically distinct viral clades have spread globally and co-circulated in localities. Then according to the 7 clades suggested by Nelson et al. (2009) , subsequent study discussed the genetic characterization of the influenza A pandemic (H1N1) 2009 virus isolates from India (Potdar et al. 2010) . Recently, both phylogenetic and cluster analyses further confirm that the gene exchange of the influenza A pandemic (H1N1) 2009 virus takes place between viruses originated from different species (Arunachalam et al. 2012) . Table 2 . Binary codes of 20 amino acids (Xiao et al. 2005 (Xiao et al. , 2006 Since the outbreak of the 2009 pandemic influenza A (H1N1) virus, the representative strain, A/California/07/2009 (H1N1) -like virus, has been recommended as the vaccine strain (WHO, 2010a (WHO, , 2010d (WHO, , 2011b (WHO, ,c, 2012 . The vaccine based on this strain will be valid if the existing mutations in the present influenza A (H1N1) viruses do not result in a rapid propagation or an unknown pathogenicity. Here, we will look into the evolution trends of the 2009 pandemic influenza A (H1N1) viruses in different continents from March 2009 to April 2012. The purpose of the present study was to find out whether the isolates during the postpandemic period have some distinct evolution diversification from the isolates during the early-pandemic period.
Material and methods

Materials
The hemagglutinin (HA) and neuraminidase (NA) gene sequences of the 2009 pandemic influenza A (H1N1) virus from March 2009 to April 2012 were downloaded from the NCBI Influenza Virus Resource (http://www.ncbi.nlm.nih.gov/ genomes/FLU/SwineFlu.html). Two datasets -one for the HA gene and the second one for the NA gene -were thus created. Then each dataset was further divided into 6 subdatasets according to different continents: Africa, Asia, Europe, North America, Oceania and South America. These sub-datasets can reflect the virus evolution related to different continents from March 2009 to April 2012. For the downloaded protein sequences of HA and NA, many of them were not full-length sequences. To avoid the biases from the sequences without full-length, the incomplete sequences were removed from the datasets. Finally 12 datasets with fulllength sequences were obtained. In addition, all sequences in datasets have time record, such as year//, year/month/ and year/month/day. The time record "year/month/" or "year/month/day" marks the exact sequencing time of the sequence. These detailed time records can be helpful to know more details of evolution history of influenza viruses for the months studied. To avoid the biases from the rough time record "year//", all sequences with time record "year//" were removed, too. Summary details of HA and NA about human influenza A (H1N1) are shown in Table 1 .
For all protein sequences of HA and NA in Table 1 , we keep the most of the available sequences. From the overall view of all sequences, our choices about the sequences with full-length and exact time record have stochastic characteristics. The stochastic characteristics can avoid the biases in the analyzed results of evolution history of influenza for the years.
Binary codes of amino acids in protein sequence and the graphic mapping of biological data A protein sequence is a linear sequence of n symbols from a finite alphabet set (A, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, S, T, V, W, Y ) , where the parameter n means the length of protein sequence. It is difficult to view the characteristics of this linear sequence, especially for a long protein sequence. In Xiao et al. (2005 Xiao et al. ( , 2006 , the authors gave some binary codes of the 20 amino acids ( Table 2 ). The codes can better reflect the chemical and physical properties of amino acids. By the codes shown in Table 2 , a protein sequence is transformed to a serial of binary characters. For example, the sequence 'MKNYWQH' is transformed to '10011101001010101100011100010000101'.
Graphic mapping of biological data, a powerful tool, has been employed to help people gain a useful insights by an intuitive manner (Randic et al. 2003 BielinskaWaz et al., 2007; Qi & Fan 2007; Novic & Randic 2008; Chou & Shen 2009; Bielinska-Waz 2010; Chou, 2010; Yao et al. 2010; ) . Here we first used MUSCLE program (Edgar 2004) to do a multi-alignment of all analyzed sequences to get the identical residue position of each sequences. Then all aligned sequences of the same gene were ordered according to their time records. Based on the binary codes of amino acids (Table 2) , we can map all aligned sequences into 0-1 vectors. However, it is impossible to represent graphically all sequences in a high dimensional space. To represent graphically the biological data, we used dimension reduction method to map the high dimensional data into low dimensional data. This is an important approach to study anti- Fig. 1 . The 3D graphic representation models of HA and NA. For HA gene, the first and second principal axes account for 65.40% and 5.69% of the total inertia of the 2905-D space, respectively. For NA gene, the first and second principal axes account for 80.36% and 3.41% of the total inertia of the 2345-D space, respectively. genic evolution of influenza besides of phylogenetic reconstruction method. The dimension reduction methods were presented in Lapedes & Farber (2001) and Smith et al. (2004) and used to study antigenic evolution of influenza. He & Deem (2010) presented another low dimensional clustering method to detect the cluster containing an incipient dominant strain for an upcoming influenza season before the strain becoming dominant.
Based on the binary codes of amino acids (Table 2) , we first mapped all aligned sequences into 0-1 vectors. Then, the Principle Components Analysis (PCA; Jackson & Wiley 1991) method was used to reduce the multi-dimension vector set to a two-dimensional (2D) space. We can get a new 2D vector set. Based on the reduced 2D data, we further detected the evolution trends of the 2009 pandemic influenza A (H1N1) virus in different continents from the outbreak to 2012.
Muscle program and PCA method MUSCLE is a program for creating multiple alignments of amino acid or nucleotide sequences (Edgar 2004 (Edgar , 2010 . Some default parameters are those that gave the best average benchmark accuracy in tests by author.
PCA (Jackson & Wiley 1991) is a projection method to analyze dataset and reduce it from high-dimensional space to a few hidden variables, while keeping information on its variability. Now, PCA and its many expanded methods have been successfully applied to resolve many problems (Costa et al. 2009; Xiao et al. 2009 ). Here, we give a simple description of PCA. Assume the mean of sample X = {xi}
xi. Write the singular value decomposition of covariance matrix Σ as Σ = U ∧ U T , where
T . Matrix U is orthogonal matrix. Diagonal matrix ∧ is made up of the eigenvalues of Σ, where
. The mean and covariance matrix of Y are 0 and diagonal matrix ∧, respectively. Now we ignore the components of lesser significance and leave out some important components. Then the final data set will have fewer dimensions than the original.
Results
Graphic representation of isolate clusters from March 2009 to April 2012
As shown in Table 1 , we got 6 HA datasets and 6 NA datasets from March 2009 to April 2012. We first used MUSCLE program to do a multi-alignment of all analyzed sequences to get the identical residue position of each sequences. Then all aligned sequences were ordered according to their time records. According to the mapping in Table 2 , we converted every sequence to 0-1 sequence. We obtained a high-dimensional 0-1 vector set. Then, the PCA method was used to reduce the high-dimensional set to a 2D space. Thus a new 2D vector set was created. Then based on the time records of all aligned sequences, the 2D vector set was expanded along the third dimension in a three-dimensional (3D) space. Then we got a 3D graphic representation of the analyzed sequences in the 3D space.
For the HA gene, we got a 2905-D 0-1 vector set. By the PCA method we projected the 2905-D vector set onto 2D planes spanned by the first and the second principal axes. The first and the second principal axes account for 65.40% and 5.69% of the total inertia of the 2905-D space, respectively.
For the NA gene, we got a 2345-D 0-1 vector set. Similarly, by the PCA method we projected the 2345-D vector set onto 2D planes spanned by the first and the second principal axes. The first and the second principal axes account for 80.36% and 3.41% of the total inertia of the 2345-D space, respectively.
Then based on the time records of all sequences, we got the 3D graphic representation models of HA gene and NA gene, respectively (Fig. 1) . It shows that all isolates are separated into two distinct clusters by the first principal axis. This indicates the isolates in the clusters have different evolution characteristics. Here, one cluster was called as new isolate branch, A/California/07/2009 (H1N1) -like virus. (Fig. 1) . The scattered characteristics mean the genetic drift in virus population becomes larger little by little. Based on the earlier whole genome analysis, Nelson et al. (2009) found out there were at least 7 phylogenetically distinct clades about the 2009 pandemic influenza A (H1N1) viruses. Since then many researchers referred to the naming scheme as "global clades", e.g. in Potdar et al. (2010) . The graphic representation of the 7 clades (Nelson et al. 2009; Potdar et al. 2010) For HA gene, we first divided the analyzed sequences into 20 subsets according to 6 continents and 4 stages. There are no virus samples with full-length testing data in the 4 th stage of Africa, Asia, Oceania and South America. To distinguish the evolutionary trends from different continents, for every stage we used the mapping method of Table 2 to convert the influenza samples of different continent to the high-dimensional 0-1 vector sets. The PCA method was used to reduce every subset to 2D space. Then we graphically represented the reduced 2D subsets, as shown in Figure 3a (the first two stages) and Figure 3b (the last two stages). Similar to the 7 clades according to Nelson et al. (2009) For NA gene, we also divided the analyzed sequences into 20 subsets according to 6 continents and 4 stages. There were no virus samples with full-length testing data in the 4 th stage of Africa, Asia, Oceania and South America. Like the analysis of HA gene, by the similar method we graphically represented the reduced 2D subsets, as shown in Figure 4a (the first two stages) and Figure 4b We first used MUSCLE program to do multialignment of all analyzed HA and NA sequences to get identical sites for each dataset. Then we ordered all aligned HA and NA sequences according to their time records. We used such representation N247D to describe the amino acid substitutions between vaccine strain and virus samples. 
The parameter D describes the relative deviation degree which the viruses deviate from the vaccine strain in a period. The parameter R means the relative deviation speed which the viruses deviate from the vaccine strain in a period. Table 3 shows that in recent months the viruses have not taken higher mutation speed comparing with the viruses in the early-pandemic period. Table 4 lists the analyzed results of the relative deviation degree D and the relative deviation speed R of the 2009 pandemic influenza A (H1N1) viruses for the NA gene. There is a slight inaccuracy about the statistical results because of too small sample data, such as in stage 1 and stage 3 of Africa. According to Table 4 the relative deviation degree D from different continents shows that the viruses are deviating from the recommended vaccine strain, A/California/07/2009, little by little. The deviation degree of the NA gene is little lower than that of the HA gene. Similarly, the relative deviation speed R of Table 4 also shows that in recent months the viruses have not taken higher mutation speed comparing with the viruses in the early-pandemic period. In the present study we analyzed all full-length 6219 HA and 4860 NA sequences from March 2009 to April 2012 to make their graphic representations. We delivered graphic representations of HA and NA sequences of different continents (Figs 3 and 4) so that it is possible to draw some conclusions. The viruses in (Fereidouni et al. 2009; Nelson et al. 2009; Shiino et al. 2009; Christman et al. 2011) . Besides of the found clusters, the graphic representations (Figs 3a, 4a) show a new major cluster (x < −1 and y > 1.5 in Fig. 3a ; y > 1.5 in Fig. 4a ). The new cluster began to emerge from Asia in the second stage (09/2009-08/2010) . Based on Figure 3b , it was found that the newly emerging viruses spread globally in the post-pandemic period (09/2010-08/2011) . It is not difficult to predict the new major cluster cluster (x < −1 and y > 1.5 in Fig. 3a ; y > 1.5 in Fig. 4a ) should become the dominant isolates although the number of the available sequences is so small. (Table 3 ) and the relative deviation speed R (Table 4 ). It was found that the relative deviation degree D of the viruses during the recent period is two-times more than in the early-pandemic period (03/2009-08/2009 ). However, during the recent period the relative deviation speed R is almost as much as in the early-pandemic period although the deviate speed is also increasing, little by little. These analyzed results show that currently there has been no great mutation in the viruses. In addition, according to the relative deviation speed R (Table 5) 
Discussion
